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Autophagy is an intracellular lysosomal bulk degradation process initiated by the generation of double-membraned autophagosomes (APs) that sequester cytoplasmic material and that fuse with lysosomes to autolysosomes for final degradation [1] . [2] [3] [4] [5] [6] . Autophagosomal membranes were found to be predominantly composed of lipids with minimized protein content, as demonstrated by early freezefracture electron microscopy [7] . The notion that autophagosomal membranes are profoundly enriched in phosphatidylinositol 3-phosphate (PtdIns(3)P) [8] is of key interest because autophagy is positively regulated by the activation of the phosphatidylinositol 3-kinase class III complex 1, also including the tumour suppressor protein Beclin 1, that generates PtdIns(3)P [9] .
Models of AP formation anticipate one of three situations: (i) de novo membrane synthesis, (ii) AP formation from pre-existing intracellular membranes or (iii) pre-existing membranes providing a template on which APs form de novo
Previously, we identified the human WIPI gene family that is aberrantly expressed in a variety of human cancer types [10] . We found that the WIPI protein family represents an ancient PtdIns(3)P/PtdIns (3, 5) P2-binding ␤-propeller protein family that includes WIPI-1 and WIPI-2 [10] , both of which evolved from the yeast ancestral autophagy protein Atg18 [10, 11] . We characterized WIPI-1 as a PtdIns(3)P-effector protein functioning in the process of autophagy in human cancer cells [10, [12] [13] [10] [11] [12] [13] [14] [15] .
. To clarify the precise localization of WIPI-1 and WIPI-2 upon the induction of autophagy we conducted freeze-fracture immuno-electron microscopy (immuno-EM) because this method allows the employment of native, unfixed cells and, depending on the fracture, either of the two monolayers of a bilayer membrane is preserved
By immuno-EM of generated freeze-fracture replicas we specifically detected membrane-bound WIPI-1 (Fig. 1A ) in nutrient-starved (6 (Fig. 1C, E-G) . Here, WIPI-1 specifically localized at APs (Fig. 1A) , characterized by the unique lipid-rich, smooth double membrane (Fig. 1B, C [8] . Please note that we marked the P-and E-faces of the IM and the OM according to the P-face of the OM facing the cytoplasm (Fig. 1A) (Fig. 1D) contents, e.g. lipid droplets (Fig. 1E) . In addition, upon autophagy induction WIPI-1 prominently localized at the P-face of both the plasma membrane (PM) and the endoplasmic reticulum (ER), particular at the nuclear membrane (NM) (Fig. 1F) 
hrs) human tumour cells, either endogenous WIPI-1 in G361 cells (Fig. 1B) or WIPI-1 fused to the green fluorescent protein (GFP-WIPI-1) in stably transfected U2OS cells

, E, G). Strikingly, WIPI-1 localized at both monolayers of both the outer (OM) and the inner (IM) autophagosomal membrane, and appeared often enriched in the inner autophagosomal membrane of exogenous GFP-WIPI-1 (Fig. 1C) or endogenous WIPI-1 (data not shown), as previously shown for PtdIns(3)P in yeast APs
Germany). In this study, a GFP-WIPI-1 U2OS clone was used that expresses similar GFP-WIPI-1 protein levels when compared to endogenous WIPI-1 in G361 cells (data not shown). Autophagy was induced by nutrient starvation using EBSS (Sigma-Aldrich, Taufkirchen, Germany) for 6 hrs. Freeze fracture immuno-EM images using unfixed (B) human G361 (anti-WIPI-1 antiserum [10], goat anti-rabbit 18 nm gold complexes; Jackson Immunoresearch, Neumarket, UK) or (C) stable GFP-WIPI-1 U2OS cells (anti-GFP antiserum/ab290; Abcam, Cambridge, UK; goat anti-rabbit 18 nm gold complexes; Jackson Immunoreserach) identified the localization of WIPI-1 in both monolayers of the inner (IM) and of the outer (OM) autophagosomal membrane (A). Monolayers were termed P-and E-face according to the P-face of the OM facing the cytoplasm (A-C, E, G); this terminology might become adapted once the membrane origin of APs is identified. Approximate diameters of WIPI-1 positive APs were determined (D). Engulfment of a lipid droplet (LD) by a GFP-WIPI-1 ϩ AP (E). GFP-WIPI-1 was also found to localize at the P-face of the ER/NM and of the PM (F). Co-labelling of GFP-WIPI-1 (anti-GFP anti
(A). Protein expression of GFP-WIPI-1, -2B and -2D is shown, demonstrating relatively low expression when compared to a generated control GFP cell clone (A). Freeze fracture immuno-EM images of stable GFP-WIPI-2B (B) or GFP-WIPI-2D (C) U2OS cells upon nutrient starvation (6 hrs) identified a prominent localization of WIPI-2 in both the inner (IM) and of the outer (OM) autophagosomal membrane (AP) (B, C), and at the PM (D, E). GFP-WIPI-2B (D) and GFP-WIPI-2D (E) harbouring vesicles (P: P-
